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General 


1, The most important contribution of the Germaua at NIT h9 was the farther devel- 
opment of the Wasserfall_commier sv tow, Touores, there were other projects 
Z25X1X that were carried out. 














2a E-, NIT 9 continued the development of the Wasserfall computer sys- 
tem which had been started at Gema, Berlin. At Gema, [si Jreagsenbled a 
25X1X Wasserfall computer system in mock-up form, The majority of the components 
of the system were available to us at the time, ‘The Soviets had instructed 
25X1* the group at Gema to rebuild the entire computer syatem. It appears that the 
Soriets were under the impression at the time that the German development pro- 
gram was further advanced than it actually was. After the German progress had 
been made clear, the Soviets instructed the group to compiete the development 
into a finished prototype. The key Soviets with whon the Gema Germans dealt 
with were: | | 
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| | Missiles (under BARNIM) 





Me In general, the Germans had most of the necessary equipment, but our 
wok progressed slowly because we depended on the productivity of the. 
Soviet workshops (machine shops, electrical shops, 6tc.). There was 
always diffictilty With the vaciiim tube supply. They had no 8 pare German — 
tubes and consequently used them very carefully. The. work on the redesign 
and improvement lasted until September 1951. The first computer, however, 
- was delivered to the Soviets in July 1919, when it was apparently taken 
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‘toa firing range, This firing range, according to hearsay, Was about 
800 milés southeast of Moscow. Thé computér delivered to the Bovists 
was ina mock-up form. /See Diagram 6, mize Wief 


Modification of the Computer Syatem for Soviet Components 


8, The biggest problem in modification to accommodate Soviet 
day in the change from 500 cycle components’ to 50 cycle ¢¢ 


components sis 
_an the omponents. This — 
. ghange-over was made because there were no S00 cycle cémpenehte available. \ 
i The 50 cycle components were larger and not as accurate a the German — 
7 B00 cyéle equipment. “For exanple, the German coordinate resolvers were 
supposed to be adcciurate down to ons mil. The Soviet resolvers were ac- 
, gihhte"te five wile. The German potentiometers tised in the Wasserfall : 
céitpaters Were accirate to about two mils, Whereas the Soviet potentioe | j 
ieters wate accirats only to 10 mils.” The acciiracy of the Sov et compon- | 
| Gites Grove “Gur group to’ compensating methods, and we hoped that the | 
errors would cancel out. eee g | 


| Soviet Resistors 


25X1 -6a ‘Soviet resistors were very poor. They heeded resistors | 
' " "GQSUNETS WIEHIn'1,0 per cent, but could only get five per cent resistors. — 

‘We had to sort through hundreds of resistors in order to get the ones | 
we needed. ‘thé tempercture characteristica were also bad, It was nec~ 
essary to readjust the computers as the resistors warmed up. It was | 
cotsidered standard procedure at NII 49 to allow @ one hour warm-up 

period for computer equipment. It was later plarmed to provide some 
temperature control equipment in the computers in order to meet the — 

 Bovdet. specification of minus 70 degrees to plus 50 degrees centigrade. 


Soviet Condensers 











i Te The accuracy of the condensers were equally as bad as the Soviet resis- é 


tors, Production precision condensers were accurate only to five per 
ie ants : The temperature characteristics were also unsatisfactory. 7 


— Sowket Vacuum Tibes 


8. ‘Soviet vacuum tubes were generally reliable, The tube characteristics | 
| w6E6 rougily comparable to those available to the Germans. duging the | _ 
Wir, “However, tubes with glass envelopes tended to become gassy ina. : 
a | Mlatively’ short time. The supply was evidently adequate, although it 
, .  ° dk months” to déLivér on’ reqiiests. The standard answer to queries on 
fos sippliés Was "Later". After a short while, we recognized the inevitability 
> ef" Long’ delays in tle tube supplies, and laid in an adequate supply which 
We: kept up to a certain level at all tims. a a 
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laboratory Test Equipment eee 
9, The lack of test equipment was the largest problem that the Germans had 


iri the USSR. It was difficult to obtain an adequate supply of ammeters, 
milliammeters, frequency meters, voltmeters, wattmeters. Germans 


| 25X1 were forced to. constrict or om stroboscope, two-beam oscilloscope, and 
vacuin-tubé—voltmeter. “the test equipmént that we did have was largely 
Gertin, Austiai,and English. ‘The Gernans were forced to improvise a 
goat deal in providirig test equipment. The Soviet engineers were quite “3 


onetime e 


used té this situation, arid were very good at improvising whenever they 
weré facéd with lack of equipment. The Soviets were evidently surprised 
at seeing test jacks built into computer equipment. They were in the 
habit of "lashing up" equipment in a very crude form. — 


ovement to the Initial Trajectory © ter (Einlenkrechner ) 





10, The first Wasserfall computer system was délivered to the Soviets in 198. 
his represented the completion of the original design started in Cermny 
during the war. Even before thé firing tests in the simmer of 199, 
the Soviets demanded more accuracy in the computer whose inaccuracies 

were as great as 10 degrees. The improvements included: 


&, Stabilized voltage source for the servo amplifier, = 
b. Phase corrector for input of Gamma double dot to amplifier. — 


¢, Electrical dérivation of Gamma double dot versus tachometric 
derivation in the original. 


"oa, Utter was included in the computer to prevent the missile from — 
.  @Llosing more rapidly than for a target moving at Pour degrees a. 


second (from the control point), This wis done in order to prevent 
the néecessity for high accelerations in control of the missile. 

_, @uring ite initial trajectory. 

e. A “chopper" in the design as an improved method of producing 
an alternating current carrier. . 


ll. This computer was tested by applying an arbitrary input, and measuring 


the difference between the output and the’ theoretical output. The 
accuracy of the computer was below one degree, or better. During 

the period that work was being done on the improvement to the com- 
puter, the Soviets displayed no apparent interest. However, in the 
mornings when the Germans came to work, it was obvious that someone 

had been tinkering with the equipment. This to me reflected covert 

- Soviet interest in the Wasserfall computer. The computer was tested__ 

and turned over the the Soviets in September 1951. [Bee pages 9-16./ 


Design to Eliminate the Parallax Computer 


12. ‘The parallax computer introduces errors into the calculation of the | 
flight trajectory and during the control that follows. The German group 
rédesigned the initial trajectory computer so that the parallax distance 
setting in’ the computer was gradually reduced to zero over a period of 
12 seconds, starting approximately eight seconds after firing of the 
Wasserfall missile, ‘This, of course, introduces a parallax error. this 
error, however, is a diminishing error, and rapidly reduces to a second 
order term in the flight computation. This gives jan overall improvement 
since the entire parallax computer is gradually cut completely out of 
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ao : thie computation. — [See pages 9016 af - The parallax comput r contributed, i 
errora of plus or minus two métérs for the base line distghce u, and 
3/ii degres in vertical angle usasirement. Elimination of the parallax | 
computer ‘not only. reduced efror in measurement, but incrydsed the smooth~ 
ness of operation of the sight through which the joyst: pe .operator ‘Looked. 







of Servo Systems to Eliminate Tachometers 7 





ven 


13, O16 advantage acortied fromthe changaov gnc ote SIL os w components Lp dase 
, dervo system design....at-thié frequency, Jt“is. practicelge 9 sergtver- — 
— 25X17 nating curfert “Mnotch" filters, he ee ‘ds true 
. - eieeaade the nodalation Prsqdsficy band during coptey)-ae ARPES. compared 
pene 46° the carrier frs-ilcy “stability error, At-bo eycles, the modulation 
bad isixétetively smaller and comparable to the érrors obtained in even 
gee ly Well frequéency-etabilized péurce, Consequently, the Germans | 
or" degigned and built these notch filters to give phase advance to the 
input. signale./ . | as 





15. This’ Fedésign took pladé 2rom late" 19L9 to late 1951. | 
" -the'Fesiilts of this Fedesigh Were siccedsful, Since very little % 
‘epi plant ‘was “evadlable to confirm the exact performancé. characterist 





ion. 


the redesignéd sérvo ayetens, it mst be considered that the require = 


ments Were not too astringent. 





) wit of the success tn ‘designin ing phase advance networks at 50 
«oN Cyéles, new amplifiers were designed using "notch" filters for use in 
25X1 _the Cartesian coordinate parallax ‘computer. 
» + 95x1 L____] The design was actually carried out by Inge BISDECNS. 
Stable Voltage Source (poe 


geet Se i 


16, As ares 


17. During the design and experimentation carried out on the Wasserfall com 

- puter, (] decided that it was necessary to have a very stable 
 95X1. ‘voltage supply a 500 cycles to bench-test the breadboard computers. — 

2 gS It was necessary that the voltage stability be within 10 per cent, and 
the frequency within five per cent. A request was made of the Soviets 
to ‘procure stich a power supply, but they were unable to fulfill the 
request, Consequently, the Germans used an old BOAS Company converter _ 
that had been brought with them from Germany. : ig TB 


16. Duritig the dévelopment of the Wasserfall computer, the Soviets made a 
 @tiggestion regarding the desigh of the Tau-angle computer, The German - 


25X1 


» Qéeign of the Tati-anglé computer involved the calculation of Tau by 
‘picking off the appropriate angle (sigma dot) and multiplying it by the» 
‘gine of the vertical angle through the use of a sine resolver. The =. = 
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Soviets suggested a method whereby the Tau calculation could be accom 

plished by precession of a gyroscope. /A technical discussion of the 
two methods of Tau-angle determination fs foutid on pages 2) and 25./. 
The Wasserfall missile was stabilized in the roll axis. It canbe 
seen that after the vertical ‘firing, if the missile is required, for 
example, to turn to the west, a turn control toe the missile will result 
inthe missile, in effect, being on Its side, I? further torn control 
‘signals are applied to the turn control axis of the missile, the missile 

.. Will not turn, but go either up or down, ‘To prevent this, the Tau-angle 
computer resolvés the changé in axis that résilig from the missile being 
stabilized in roll and the optical niasile control sight turning on the 
ground according to the following equation: . 


mee Be Fain OF 


where T is the angle of translation,O™ isthe angle through 
which the optical control sight has turned, 


196 Y is the vertical angle to the missile from the control sight. Con- 
sequently the elevation and turn control signals that originate from 
the ‘Joystick (Kntsppel) operator are resolved into sine and cosine com 
potents at the anglé Tau. The sine compoiients of the joystick signals 
are then sent to the missile elevation coiitrol system via. the radio 
transmitter, and cosine components are sent to the turn control system 
of the missile, . ° . : 


hutomatic Selection of Offset Parameters in the Computer 


20, It order to réndér the Waseorfall syatem more affective, a desigh wis 9“ 
- faside“in"L950" ofa componént to provide aiitomatic insertion of the offset 
parameters (signa Wand a). Thus, in the selection of a firing site by 
the Wasserfall comnatider, the appropriate offset values required in. .. 
the ‘parallax comptiters were inserted by a preset selector. /Teehnical 
details and diagram are found én pages 26-28.7. eo 


Height Parallax Computer | a 

21, In the Pédésign of the Wasse#fall computer system, provision was made — 
for compensation for a differénes in height between the control point. 

| ahd the firing points. Wheii a partictilar firing site was selected, an. 

appropriate initial anglé wae furnished to the optical sight, so that 
1% accommodated the. difference in position of the. missile when fired 
from an élevation different from the control point. Provisions were 
made inthe computer to handle height differences of 30 meters. = * 


fféchnical details on this part of the computer can be found on pages :9~21.7 | 





1 
' 






¢ Testing of the Was serfall Computer 


22. In order to make dynatiic tests of the computer system, test equipment 
ss Was Rade to furnish inputs to the compiter. Thése inputs corresponded 
to values of horizontal and vertical angles that ara’ furnished normally 
by ‘the targét sight.’ In the test sqiiipment two cams, operated by a 
constant speed motor, furnished these values. ‘Two more cams computed - 
., values of the desired output of the Wasserfall computer. The output | 
o.O£. the computer aiid the output of the cams providing the theoretical 
_ Gesired otitput went to differential indicating devices. These indicators 
then showed the error in the computer directly. To simplify the testing 
procedure, marks were placed on either side of zero of the indicators, 
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without the use of an all-weather aiming device such as a precision radar 
set. As described by .source, .. there were provisions for a radar, but 
this radar Was to be used as a searching element rather than a precision © 
tracking element.” In diagrams, pages 8-15, it can be seen that inherent: 
in the design were connections for a radar. ‘the firing commander, however, 

_ } switches to the optical target tracking sight as soon as he decides that. 
the target is within range of the six firing sites under his command. _ 
[Tas firthér knowledge of “thé contemplated tse of homing equipment 
in contiection with the Wasserfall iiissile, ‘There were apparently some plans 

«for the tse of a proximity fuse Wien the work was started in Gema‘in 1946, 
and prior to that during World War II, No work was done on this by the 
German group at NII 9. There was nothing that was said or dons by the Sov- — 
iets at NII 49 to indtéeate that there was activity along the lines of target 
homing or proximity fuses. | | | | 


25X1 





Considering the restriction of the German activity to fairly orthodox engine~ bie. 
- ering refinement to the original Wasserfall control system, and the lack of <  . 
evidence of all weather operation, and the lack of target seekers or proximity* 
actuated fuses, it must be concluded that the six years of activity by the 
German group at NII 49 did not significantly advance the Soviet capability 
in ground-to-air missiles as tactical weapons, There are other by-products 
25X1A which must be noted, however. “Cotaiderable experience was gained by the 
_ Soviete in the development of a prétotype ground-to-air' missile control 
—-s«95X1 System. Additionally, as”: 
: the actual ‘process or research and deve 
) observation at all times. Many t 3 
25X1 by this observations” just ’on the 
carried out by the Germins, 
| great gap between theoretical 
25X1 Boxes based én theory. — 


| fairly” 
25K" capabilities of the Soviets 





Search opment Was under close _ 
ings must have been learned by the Soviets 
meral art of research and development, as 









| at NIT 49, []qualified 
, this by saying that they were “only theoretical and not ‘practical & ali", ae 
25X1 CL }opinion may. have to be discowited slightly, aa typical of the general 
: (opinion of many "practical" men for theoreticians. 
In comparing the quality aud éxtént “df” development “done” on Wasserfall at” 

NIT‘ LO witha proplen ar equal difficilty which might be presentéd to the 

U.S. research and dévelopaient S6lisloiis; It mist ba stated that, even though 

the Cérmaris” at NIT L9 Worked ‘under severe haridicaps, the efficiency md 

initiative shown is véry “low. It is conceivable that a problem af this ~ 

nature could be solved in a satisfactory mariner, if not radically improved, 

‘dn less than two yéars by a comparable itistitution in the United States. . 

This comparison might 66 unfair since the Geritati effort, plus the Soviet _ | 

effort which “Was” éomiséctéd with it, did hot have the benefit of the trenen- < ot 

dous Facilities available for problems éf this kind.” However, since these 

differences actusilly exist, they must be takén into consideration in 

Weighing the valué of the activity at NII 49, It should be stated parenthe- - 

tically that it'is not a question of weighing individuals, man for man > idea 

for idea,’ tt of comparing the total capability which includes the available 
7 _ fesources, the background of research and data, component quality, and even 
25X1X confidence in the scientific effort. , | 
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During the course of the test run. ise - moter would be readjusted if 
the needle of the indicator went mesos? the marks nlaced on the indica- 
tor. The marks were plavei at poings cepresenting vlus and minus 1.0 


| degree. [A functional disgram oi this squinnent ia found on page 29. 
Controller Training Equi nent 


An operatiorial trainer was designed and built by the Germans at NIT ho. 


. This was furnished to the Soviets ziong with instructions for the opera 


tion of the trainer and the training of future operators. {Pages 30—32 — 
contain technical information and diagrams of the training equipment ef 


Galibration of Amplifier dains 


he? 

7 
256 
oN 


: corder which ‘could be used to measure the errot voltages when the test. 
| Setup’ was in Operation. ‘The motor was connected, either directly to 


- 25x11 


25X1A 
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ah, 


A device was designed to insert irerits to the amplifiers of the Wasser | 
fall computer. These innwis would o8 conetantly-changing angles, and 
angles whosé valve chanzed a8 @ sir: Yunchieon of time. The purpose of 
this test éequipment wes to permit the ad‘tistment of the amplifiers as- 


| Soclated with the determination af 4 | 2y2e, D> : eC. 
and e), « JRéference is mads ©. nage 
schematic diagram is shown ot ths sencen test lay-out when using the 


4a... 


4 where a simplifie 


calibration equipment./ 


A ‘eonstant speed motor was used to turnish the drive for the test equip 
‘went. This motor also furvished a time base for the oscillographic re- 


a set of Coarsé and fine seleyns or through a mechanical sine wave 
generator, Connected mechanicaliy to the motor was a tachometer which 
furnished a voltege proportional to the speed of the angular change of 
the transmitter selsyn rotors. Aliso connected to the motor was a _ 
potentiometer which produced « volitere vrevortional to the angular 


position of the transmitter selamis, in this manner both mechanical 
angles and voltages were transmitted by the dive system for the test 
equipment.” “‘Thé various amplifiers were then connected in the circuit 
ahd the error measured by the indicstor shown in the upper right hand 
portion of diagram 9 pees J0/, and by an oscillograph which 


| Pecotded ‘time pulses and speed oi angular chenge, By inspection, 


then, the amplif ideation and chase advence of the different amplifiers 
eould be adjusted for otis. cmcenan, Hes orovided the Germans ~ 


with a’preliminary system for calibration of the amplifiers before in- 


serving them into the dynamic teeta of the entire computer system in 
ee ae ata 





there seemed-to be an undercurrent of interest in the 


‘Waseerfall that exceeded that for env other s tivity by the Germans at 






there was an obvious attempt 


at dissimulation on part of the Soviets regarding their true interests, 

en several instances where undisguised interest was 
Gaplayed in the form of questions from individuals in the parallel Soviet 
computex development laboratory, and ty questions from visiting Soviets 

from Moscow, and by covert tinkering with test setups during the night when 
the Germans wére in their billets. The fact that actual firings were made 
using ‘the first modeup finished in 19!5 tends to Bupport the 

opinion of sériois Soviet interest in this missile, Regarding the capabil- 
ities of this missile as a tactical weapon, it can not be seriously considered 
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:. Technical Discussion of the Wasserfall Control System 


. hie Waesetfall system was designed to furnish a ground controlled ground 
-  $o-aix missile fired from six points around a control point. The folle’—~ — 


ing are “Iocated at the control point: a radar for. Location of the target, 
an optical system for determination of “vertical and aximu ithal angles of 
the target and the range, and the control board for the entire system. 


The system was designed for ranges of 20 kilometers. 


Qperation ps | “a & % & 


Ths Waddertall colmander hes at his disposal aii indicator panel which 
fecdives aigalar aud rangé iiformation from a radar Set that is placed 


on the target. When thé commander considers that thé target ig within — 


ange, he telephones the optical sight operator to tell hin that he 
should follow the target at the angles indicated ‘$0 hin Prom the radar 
syaten, When the optical sight operator has fixed on the target, the 


comandér dedides which firing site showld bé used by reading the = 
position of “the target’ from the remote indicator panel of the optical 


‘pight, Bee Diagram 1, rage? 


| kb hia ‘comm nd then, the comréct paraméters aié applied to.the parallax: 


‘gomputer automatically. The correct initial angles are applied to the 
missile sight. The missile sight turns to the proper initial angles” 
through a servo system that follows the input angles furnished by the 
computer. When the missile controller (at the missile sight) determines 


that the sight {@ in ite Gorrect initial position, hé closes his firing 


gitteh, This sends a signal to the control board, and to the selected 


a GREELSRLL damped ‘me aks 
. | $hé target, a contact closes in the computer to cut the computer out of 


; Bs 
ee 
as . > e 
es 


fixing ‘pdint which fires the missile, When the messile leaves the plat- 


fox, @ contact 1s oloded to start the tine synchronizer in the computer. 


The computer then operates to. control the angular position of the missile 


_. gighit accordifig to the prescribed dynamic equition. ‘The missile control — 


ator stee?s the missile ty measuring visually the error in position 






P the intasile from the center of the cross héirs in the sight. He 


“pe Le 


 gperates the joystick (Knueppél) to send a control signal through the 


het-compiter.to thé radio transmitter used for control of the missile, 
Whe Tau-compiter Sérves aa a cocrdinate PesoLver tS translate the vertical 
and horidental “Gontrol, sighale into ‘the appropriate axes of the mis eile, 
this is necessary bedaiise the “missile does not bank in Flight, but is” 


_  BontHeNIéd Vertically and hérizobtally by epportioning the vertical and 
hopdigontal 6 


ontrdl signals to the missile control surfaces according to 
g equation: : | a = 


- 2 Prt ’ . . “ : = 
Mie "initial “trajectory computer operation is based on & second order dif- 
ferential equation that positions the missile sight, so as to close the 
Apdtial ‘érror (taking into account also the parallax) of the missile in 


ly damped manner. When the missile is within 0.5 degrees of 





posh eine syatem of the missile sight. ‘The Tau-computer, however, 
e8 to be operated from tie angles furnished by the optical target 


sight. A proximity fuse was required to detonate the missile when it 


| “Pegthed ‘the: vicinity of the target. In the absence of a proximity fuse, 
however, a @witch was furnished to the optical target sight operator to 
' detonate thé wissile at the appropriate time. This is possible since the 


e we 


' «Bptical target sight operator has knowledge of the ranges of the target 


and the missile. 
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‘Se When the computer is released from the. operation, it runs automa tically 


back to its initial pesition thys readying itself for further firing com 


‘putation. | [EK functional diagram of the Wasserfall computer system is 
Brown in'Difgram 2, v0ce 107 





6, The Wassérfall system comprises offset fired missiles, an initial tra- 

... Jectory computer, an Sptical target eight,’ and an optical missile sight. 

_.. the Wasserfall missile is fired vertically, and for six séconds is not 

.. gontPolled ‘from the ground. — Six séconds after firing, the optical sight. 
is positioned 30 as to satisfy a second order différential equation which 
reduces the initial error to a value of 0.5 dégrses, The joystick operator 

. corrects the path of the. missile soas to center the missile in the missile: 
sight. Since the missile is Tired from an’ offset position, the computer, — 
jn calculating the position of the missile, must take into account the | 
parallax involved, From that point on, the joystick operator corrects ; 
tHe path of the missile soas to fly ‘in pursuit of the target. ‘The basic . 

- @quation which controlled the initial trajectory of the Wasserfall missile 


is as follows: wig AB ee . _ 
Pett Be ( -% eral = 0 


gz = vertical angle of the missile. | 
epics, f (t) «=a straight line function of time. The purpose of 
is oe meh. ~s this is to introduce gradually the control input 
eens ew _ to the missile, , | : | 
g( ) « af arbitrary function of the giantity included 
: ‘between the brackets, This fanction was derived 
at Peeneménds during the “war, and represented a 
more optimal function of error with time than 
 Sbtsinable with a”linear second order differential 
| equation, “In effect, it permitted a more rapid is 
reduction of the error without the high acceleration 
peak riormally obtained immediately after the moment 
of firing. 


a2 i Z = vertical angle of the target. 


ee :..... mt att It, should be noted that with the exception of the 
CWO TON=LInear coefficients involved, that the equation is a fairly straight— 
forward second order differéntial equation with a constant-rate steady state 


solution, The érror véduces to within 0.5 degrees, when-y-> is zero, in li5 


tion time is reduced acc! gly. In Diagram 3, page 11, is shown the geometry of the 


computation with “the parallax computed in Cartesian coordinates. Diagram LL, page 12, 
shows the geometry of the computation with the parallax computed‘in polar | 


coordinatese/ 


ectory Computer 








7. Ati accompanying sketch /Diagram h, page 127 shows a fairly detailed functional — 

“"" Jayout of the initial trajectory computer together with the Tau-angle 
‘gomputer, and the elements of the time synchronizer necessary to show the 
intercomection between the components of the computer. The input to the 
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Vortiéal “Angle Computer comes from the optical target sight in the form 


ef cuarse and fine vertical angles, (7/77). These are applied to | 
amplifier A to rin moter B which is méchanically conne ected to tachometer 
D.* The tachometer? D furnishes the rate of change of the vertical target 
angle (ff7;). ‘This ie added‘to the other elements of ‘the control equation 
throught. 6 potentiomter H, the Limiter I, and, the ‘mechanical adder D. 

Thé accéleration of thé vertical angle is” obtained through a tachometer. L 
and vate network K to obtain (4°_). The controls aré’ applied gradually 
through’ the potentiometer AI which is run by the constarit speéd motor Ad. 
The compited vertical angle (>) is applied to the sine-cosine resolver 
P*46 furnish hp and ekp. When GZ a bd) ‘decreases to a value below 0. 
“auplifier M is f6d a'reference voltage causing it to 
return to 90’degrees, thus,preparing the computer for the start of another — 
firing problém, This is done through the contact G which is set to operate 
. b hegrecs.. The opening of contact G operates the relay AK in the 
time synchronizer to awiteh in the reference voltage forf’;, = 90 degrees. 
T his reference voltage comes from the follow up selsyn 0. Tae , 


Wien the computer goes into operation, the motor AJ runs to furnish a time. 
base for the time syiichronizer, and to operate the ‘distance cam AB, and ‘ 
the offset distance. reducer cam AD. The output angle of the distance cam 
turnd a selsyn AA to gives voltage proportional to the angle turned by — 
the ‘¢an' AB, “This is applied’ to the sine-c Osiné resolver P in the vertical 
angle computer to furnish the computed height of the missile (hp). 
The aiiunthal input from the optical target sight is furnished to the com 
pute? ks coarse and fine signals. These are applied to theo, amplifier X. 
he) amplifier K “tufts motor T which is mecharically Gonnactéd to Selayn 5” 

ip PUPhish A voltage proportional to the target angle (677). ‘This voltage 
{a:proportiéfial to ‘the Initial angle to which the optical ti get sight is. 
tixned,” Daring the rirst sedonds of flight when the missile is accelerating 
yertically, th s voltagé 18° ap ‘ied through sotttact AM, alotig with the — 
initial Tau angle (T,) to opérate the Tau angle comptiter, and place it in 
the “correct initial position, “The contact AM is ‘eperated by the tine 
syrchroniser. “/The ‘operation of ‘the synchronizer is described in para= 
graphs 17 through “21. The detailed operation of the time synchronizer 

is shown in diagrams 7 and 8 40 pages 15 and 16./ 


te we 






Motor 1 is also connected mechanically to the sine-cosine resolver R, 


Whose input Is ekpe ‘The outputs of the resolver R furnish ekp sine 07 


and ekg cosine dz which are added to components of the offset distance, 


aia applied to the impedance matchers AN and AO. ‘The outputs of the im 


‘pedance matchers AN and AO are fed to resolver AZ, The rotor of AZ is 
‘composed of ‘two coils 90 degrees to each other, The cutpur ef one coil 


4s fed to amplifier BA. This operates motor BB to turn the rotor of the | 


‘resolver AZ, so that it is 90 degrees +o the resultant field ‘furnished 
by ‘the two sofls in’the stator. — This angle is the computed horizontal 


angle of the missile (6°,). The second coil in the rotor being 90 degrees 


to the other receives the maximum voltage of the resultant field, This 


voltage is the vector sum of the voltages applied to the rotor, and is. 


the horizontal. component. of the distance of the missile from the firing 


‘point (e'ky).” This voltage’is. applied to one side of the stator of the - 


siné-cosiné resolver AT. On the “ether side of the regolver AT, there — 





‘appéearin’ the height of the wisaile from the firing point plus the differ- 
ential between the height of the Piring point andthe aiming point. The 


Woltage Crom the rotor ool is “amplified and operates motor AR, causing 
the rotor Wo go to mull, The angle of null represents the angle of eleva- 
tion of the missile. from the firing point Gi R)e This angle is transmitted 


i: 
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of the optical missile sight, 


Similarly, the horisontal angle to) is taken from the moter BB and sent 
via @ coarse-fine selsyn system (BC and BD) through the relay AH to the 
control system ‘of thé optical missile sight.” Wien’ the érror between the 
missile and target fas beéh rediced to 0.5 degrada, the contact G operates 
the rélay JH cutting out of operation the Compiter.” The angles which are 
_sé6nt to the optical missile sight then come ‘Gdrectly from the optical 
target sight. | | bat 3 


by a Goatse-fine séleyn systen through the relay AH to the control system 


, The Tau anglé ‘conputer réceives ite input from tachometer Us. The voltage 


_applied'to tachometer U colies from resdlver C; and’is proportional to the 


“« pind gy.’ This voltage’ then fromthe tachometer U'is the product of the 


rate of change of 77° and’siné OZ. This prédust 1a added to'tie cay 
voltage from thé ottput motor of the Tau angle computer’ (speed feedback), 


so that the speed of the moter is proportional to the input voltage. : 


The rotation of motor AW operates the four coicatendted siné-cosine poten: - 


tiousters, to” givé the components of thé control” sighal from the” joystick. 


These “cémponéhts are then applied ts the input’ of the radio transmitter 
‘associated ‘With tha WaisetTell: syste. It should be noted that’ the Tau- 
angle" compliter “stays in “operation wntil” the” end” of thé TTight of the ~ 
hissile, whereds the vertical angle comptiter ard the parallax computer 

go out of operation when the error has been reduced to 0.5 degrees. 

Ti this “agran, the piraietric valusé of offast dlétance, angle and 
height are indicated as being wound in by hand. ‘he latest model of the 
Computer Iindludéd aiitomatic ‘sélection’ of thesé pavameters, Operation of 


the automatic’ paranetric selector Is shown on diagram, page 25. The offset — 


distance 1s Applied through” resdlver Az.” the offset angle is applied 
Shrough AG, and the height differential is applied through AF. | 


6 Polar C ter for Wasserfall : : 7 c 


\ 


The” computes of wassérfall waa” originally designed'to carry out the neces- 
gary parallax Galctilations aaiiig polar coordinates. In NII 49, a cha: ige= 
Over was madé “to ‘Cartesiat codrdinates, For pitp oses of compari 

polar computer te described below, /See Diagran 5, page 13.7. 


the vertical ‘angle computer 1s essentially the sane as that used in the. 
| computer using Cartesian coordinates. The difference lies in the manner 
of calculation of the resultant vertical and horisontal angles used to 


control the iiiasile operator's sight. The horisontal angle from the 





optical target sight (o%) 48 in this case converted to a voltage whose | 
phase is a function of ‘the angle, This is done in Selsyn A /shown on page 


the bottom left of Diagram 67, A three-phase input voltage to the stator 
of this selsyn creates a rotating field, - Then rotated through the angle 
required, as in the Cartesian computer, the output from the rotor changes 
phase proportional to the through which the rotor is turned, This 
phase represents the angle/Z 7. This voltage is applied to the potentio. 
meter in the intermediate sontrol system. The potentiometer B is turned. 
atstate Cant “proportional to the horisontal component of the missile 
“by motor 0. The amlifiér for motor C réceives its input 
ton thé initial trajectory computer whee itis computed fiom the missile 
distance,” and thé vértical angleoy. the output of the potentiometer then 
represents’ the’ vecter value of ekp z. This veeter is added tothe veotor 
ie of the offset distance (u/7,) which 4s cbhteined in a similar manner 






‘in theo intermediate amplifier. The result of this vector addition 


(which is the output of the preamplifier of D) is the scalar value etn. | | 
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18. 


19. 


20. 


21. 
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This voltage is applied along with a voltage proportional to the missile 
height in resolver E to furnish the cutput vertical angle 75° The ampli- 
fier D is used to furnish an angle proportional to the s oF the input 
angles. This angle is applied through a coarse-fine selsyn system to the 
missile sight, 


The other elements of the computer system are essentially the same as 
that using Cartesian coordinates. 





In order to dbtaiz a clear picture of the’ operation of the time syneroni-’ 


zation that trigyiers off the various functions of the Wasserfall computer, 
a detailed diagram is shown con page 15. ‘The condition of the relays. 
associated with the seven cams with respect to time is also shown on page 16, 


The initial angular positior of the cams is as shown on page 15. ‘Upon 
receipt of the signal showing that the missile is airborne, the. magnetic _ 
coupling of the constant speed motor is clutched in by energizing it through 
the upper contacts of cam No. 1. The cams, being’ connected mechanically 

to the motor, begin to turn. Cam No. 2 operates 0.4; secondé after the 
start to allow voltage to be applied to the magnetic coupling through the 
upper contacts. One half (0.5) second after the starting time, cam No, 1 
releases, This does not affect the operation at this point. Six seconds 


. after the starting time, Cai No. 3 operates to switch on the signal light 
showing the firing commander that the 4nitdal control has begun. At the 


sams time, cam No. l ard cam No. 6 operate to cornect the} amplifier with 
its input, and te connect the Tau angle amplifier with its input. 


The cams turn then for 29 seconds, During this time, the shaft of the 
motor is connected through the magnetic coupling to the cams controlling 
the gradual reduction of the base offset distance in the computer, and to 
operate the u(t) potentiometer that: ia integral with the initial trajectory 
computer, At the end of 29 seconds, cam No. 2 operates to break the circuit 
to the magnetic coupling of the motor. The initial trajectory computer 
continues’ to operate the optical tracking sight. Phen 43 is within 0.5 
degrées of”: Zs» & voltage 18 applied through the lower contacts of cam Noe 2 
(which: is now closed}. to enérgize the magnetic coupling again. Three- 
tenths seconds later, cams No. 3 and ) operate, the signal light goes out, 
and a voltage representing the initial position of q E (90 degrees) is 
applied to the #y amplifier. Two tenths seconds later, the Jv = Z 
contacts in the initial trajectory computer open’ up again, and the voltage 
is removed from the magnetic coupling. Cam No, 5 operates to replace the 
computed “7p with J. This releases the entire computer with the excep-~ 
tion of the Tau-angle computer. 


When the optical tracking operator determines that the end of the firing 

has been reached (either with a hit or miss), he operates his firing end 
switch, This closes a circuit which applied a voltage through the closed 
upper contacts of cam Ne. 1 to cause the motor to be recoupled to the cams, 
Cam No. 6 operates to furnish the Tau angle amplifier with another initial 
angle that has been selected by the firing commander. The cana continue 

to run until cam No, lL operates, breaking the circuit to the magnetic coupl- — 
ing. Thus the cams have turned through 360 degrees and the sequence selector’. 
is again ready to receive an impulse from the "missile airborne" contact in | 
the firing platform, | 


It should be noted that the motor is DC, shunt-wound, and that the regu~ — 


.lator is a standard inertial governor. 
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The Teu-Angle Computer’ 


The Electrical Tau-Angle Computer ; | Ae 

1, ‘The description of the operation of the electrical Tau-angle computer 
has been previously mentioned. noe , “The detailed operation 
of thistompiter 4s as indicated below and refers to an accompanying — 
sketch /Diagram 1; page 22/. : | 


2. Prior to the operation of the computer, the sine-cosine potentioneters 


are’ positioned by the angular position transmitted from the Wasserfall 
computer.’ The C-relay /in the lower portion of the diagran mpage: 30F; 
is closed to furnish an eFror Voltage representing the 
differénca in the angula® positions of the trahsnitted angle (signa), 
ahd the position of the sine-cosiné potentiometers. This voltage is. 
applied to the servo aiiplifier which actuates the notor to furnish the 
power to turn the potentiometers. — | a 


3, When the initial sigma angle has been reached, the C-relay operates,re- 
moving the input from the sigma output of the Wasserfa}l computer. A 
voltage proportional toO~sin (computed in the Wasserfall computer) . 
is applied to the amplifier against the feedback voltage of a tachometer 
Soe ee gervo moter. The moter speed becomes & 

 fanetion of O~ sin I go that the underlying equation t ed”sin T = 
ds fulfilled. _ 4 eee * ee 
lh. The outputs of the sine potentiometers are combined and applied to the 


elevation section of the transmission, and the cosine potentiometer oute 
_ puts are combined and applied to the turn control portion of the transgission. 





S.. The accuracy of this Tau-angle computer was approximately 1.0 degree. 


The Gyroscopic Tau-angle Compu ter 


6, In the course of the developmént of the Wasserfall computer system at 
NIT 49, a new method was. suggested by the Soviets to furnish the necessary 
- Tau-—atigle computation, The méthod, although more elegant technically, 
required much more spacé (five times), and required’ three tines more: 
electronic equipment such as rectifiers, amplifiers, etc. Since it’ was 
a Soviet idea, the Germins, although having voiced their objections, built 
«the gyroscopic Tau-angle computer. “This computer evidently worked to the 
same accuracy as the electrical Tau-angle computer designed by the Goreang. 


| __ somente Although the disadvantages stated above ere sufficient 
che electrical method as superior te the cyrpsqepta: method of — 
computing the Tau-angle, it demonstrates the fact that sone understanding and — 
initiative in the Soviet elements of NII 49 existed regarding use of gyroscopes 
Yor compuvation purposes. With some redesign and simplifieution, the gyro- 
‘scopic method might well be the basis of as good a piece: of computing: equip- 
ment as the electrical computer. It is not intended to imply that the ides 
itself for the gyroscopic computer is brilliant. Actually, any design enginesr 


experienced in the use. of gyroscopes for stabilization purposes should be 


abJe to come up with this solution,/ 


7 I was necessary, as in the electrical computer, to furnriish an angle Tau 
—velated to gamma and sigma according to the following equation: 


; . s v ‘ : mo : r t Pe eat Soe eet ehh lg ga Se sy * ‘ 7 
: : ’ s 3 . SF ote cel Dae teats re De 54 2 Pept ae ee 3 : 
: T = sin i ist . OTST LT RSA De Spe he Gh Us atk, Pry hd fs fies ait 
‘ iS * : ' : ; : . 
* a . 
. . * . # 
: t 
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The arigle signa (representing the direction of the missile) is furnished 
to the computer by turning thé turntable upon which is mounted a two- 
ginbal gyroscépe. Ths gyroscépe houséd in thé inner gimbal is precessed 
so that itassumés the angle paima (Kepresenting the vertical angle to 
the missile). As the Housing ia turned in response to the change in 
signa, and as the inner gimbal is turned to follow the gamma input, the 
slip rings on the inner gimbal aré connected to sine cosine potentiometers 
which furnish the necessary résolution of the input command turn and 
elevation signals according to the above mentioned equation. 


8. The gyroscopie Tat-anglé Gouputer operates in the sequence outlined below, 
(Refer to accompanying sketch [Diagram 2, page 23/6) | 7 


9, Whe housing A is oriented to thé angular position of the missiles by the 
motor connected to recéiver sélsyns D- All the missiles are oriented. in 
the samd angular position. The blocked selsyns W act as transmitters, 
and upon initiating the operation of thé Tau-angle computer, a relay is 
operated to causé the motor %6 turn A according to the angular position 
of the trahemitters C. Durifig this time, the gimbals are locked in the 
90 degree. position. “When the error between Cand D is reduced to ZeTO, 


the gimbals dre unlocked by sblenoids Mand No 


10, ‘The initial angle of Q~, is applied to the computer by the action of. the 
' pélay' JU which connécts the receiver selsyn D with the g~g transmitter 
seleyns in the Wassérfall computer. Thé turntable then assumes the initial 
Gnglé ozo. Since the inter gimbal rifg Tis unblocked and the rotor is 
going et. full speed, the gyroscope K remains in its initial position. 


11. The diiter gimbal 1s thén rotated to 90 degreas to erect 1, and then to 
the initial f°. by the operation of the selsyn system hand fF. The 
: operation of tiis servo syatei 4s such that it can: precess ab. 30 degrees 
: per second. The outer ring H then follows the input” gamma from the — 
Wasserfall computer. “The gyréscope of Gourse rémaliis in the vertical 
position, bit the hovsing H rides atthe angle gamma to the turntable Be 
The. computer is now ready for operation. _ | “she | 


12, By Operation of relays'U and’V, contituous values of sigma and gamma are 
transmitted to the servo systéms controlling thé’ position of A and H. 
By the geometry of the gimbals dnd the gyroscope, it can be seen that as 
tHe tiintable Ais tariied throigh signa, the output afigle appearing at. 
G is signa” + sine gamma. Confiected %6 the spindle G are the four sine- 

cosine potentiometers that form the resolve system for the translation ~ 
of the inpot signals from the joystick operator. The resolved signals 
are then applied to the transmitter from the output of the resolvers. 


13, The gyrescope is kept erect throughout the entire operation by contacts 

_ $8 which operate a motor T. A detailed view of the contacts is shown in 
the upper right hand corner of the diagram, In the upper left hand | 
corner of the diagram are shown the electronic components required for 
the operation of the compnter./ Components O and P are the amplifiers — 
for servo syatems C~D and fF respectively. Ris the rectifier which 
furnished DC for the anodes of the amplifiers, Q is the box containing 
circuit-breakers, junction boxes, etc. - | 


1h, Wis the heating element. in the computer that was used in order to keep 

| the gyroscope and gimbal bearings operative even at temperatures down to 
minus 60 dégrees. This clement was not automatic in operation, but was. 
switched on at the discretion 6f the operating persorinel. (When the | 
temperature reached minus 20 degrees, the heating element was switched on.) 
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| Automatic Selection of Offset Parameters for the Wasserfall Computer 


In thie” sketch on page 26 is shown 4 funétional layout of these . 
életients ‘of ‘thé Wasserfall computer system that comprised the automatic 


‘selection equipment for the offset angle, distance, and height of each 
«of the" six firing sites. The upper portion of this sketch shows the 


Wasserfall comandér's control box. In this box are lecated the six 
bittens that” ‘correspond with the. six firing sites. It includes a cancel- 





‘lation’ button’ (Rieckstelltaste) which is operated prior to the selection 
of. another firing site. 


The lowér portion of the sketch shows the electromechanical elements of 
the électric system which aré located in the comptiter itself. Both the 
control box (available to the Wasserfall commander) and the computer 
Gohtain Lidicator lights which operate automatically when a ‘particular 
set. of parameters have beeh sélected. Upon operation of a a al 
button, the following sequence takes place: 


a. Control Rea (A) de moved to the left by the cone on the push 
‘button rod. 


eee 


_. Pash botton down. The solenoid is released by breaking contact (D). 
c, Contact’ (C)"is made by the action of the pish button rod. This. 
allows “current to flow in the aclenoid (G). This lifts the rod 
 fotiting ‘the sor'é Gf thé solenoid. This rod closes the cotitacts 
which furnish aivtent to thé magnetic coupling’ for the three’ 
patanete? caiis corresponding to the site selected, The rod also 
‘frees the three cam followers which now press against the cam 
for this firing position. 


d, The ‘motor turns the three cams through the magnetic sedate: 
-- ‘@ssocléted With each:cam. When the cam rotates so that the cam 
followé? fres#es into the detent, the cirouit is broken to the 
 solénoid controlling the magnetic coupling, and a contact is made 
which is in series with other contacts leading to the indicator 
aoe in the computer and in the Wasserfall commanders control 
OX,’ ‘ 


6, The three pafenéteiis are then selected as described above by the - 
action of the detents and the cam followers which disconnect the 4’: 
coupling to the motor when the proper position has been reached, =... 

_ Although the other cams representing the other five positions . 
are “mechanically” connected with the coupling to the motor, there 
is“no action which résults because their cam followers are held 

away froti their respective cams by the solenold rods which remain 
_ in neutral position. ; 


fs The mechanical angles selected are transmitted to: 


| (1) The: varlablé transformr (L) Which’ gives’a Voltage pro~ 
portional to. the offset distance (u) selected, 


(2) “The site-cosine resolver (M) Which is fed a voltage pro- 
' portional to the offset distance (u) and is turned 


through the angle sigma u, gives two voltages proportional 
to u sin sigma u and u cosine sigma u. 


SECRET 


Approved For Release 2003/08/28 : CIA-RDP80-00810A001900450002-0 


Be 


be 


Ge 


de 





Approved For Release 2003/08/28 : CIA-RDP80-00810A001900450002- : 


= 28 «= 


3) The’ svattante transformer (N) which gives a voltage pro- 
‘portional to the height (u,) of the missile ee site . 
Belectéed. 


Set. screws are ‘\oosened. on the selector cams, | 

The shaft is’ turned’ through’ an angle. corfesponding to a iui 
offset distance (u). This ié done by the hand wheel /shown on 
the right side of the diagran/. 7 

The cam is turned so that the follower is in the detent position. 


The set screw of the particuler cam is. tightened, The adjustment 
then of the can corresponds with the offset dibtance (u) desired. 


. Any tine this particular cam and follower is put into operation, 


this value of offset distance (i) will te ‘selected, The same — 
procedure is carried out with all the cans.” When complete, the 
Sélestor system 1a set up td select thé three offset parameters 
associated for any of the six firing apens 
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. The. Wa sserfall Trainer 


In’ view att the citrienl ty of ‘cenepet ag he Wasserfall miseile; ‘5 the 


Germans at” NII 49 designed and built a.trainer to: ive controllers - 
Comments? The” type" of” eontrol utilized : 

in the Wasserfall system is characterized ‘by. inpnises of, Gross-course 
acceleration which are furnished by the optical target sight: ‘operator.’ 
With thea ssumption that the’ internal control ‘time lagsare negligible, 







it Gan be easily seen that the ‘problem isa second order one of trying 


to” produce” a flight trajectory along:a straight “Ying.” “Wis eryor infor- 
miti@n consists only of the displacement . “The “error “correcting mechan- 


a ism consists of applying diécreté amounts of cross-course ‘adécelération. 


There being no féedback $6 the’ controller other than the displacement 
error that is obtained ‘visually, ‘stability. is only obtained through . 
merital compiitation of ¢ross-course rate of” chargé and thé ratio between : 
the displacement of the joystick and ‘the actual “amotnt. of acceleration — 
prédiiced in the missile by the consequent control fin movement... This 
mental. computation is difficult, and can be. compared with the problem 
that.a pilot has when faced with the usé of a eross-pointer indicator 


‘I=201-C, in making an instrument approach oft the USAF Instrument Low. 


 Appfoaich System, In view of the exténsive effort in the USAF to pro- — 
. wide equipment to help” the pilét make the méntel computation necessary | 


(Yo* ‘example, , ‘automatic approach’ coupling, séro-readery and ‘other 
instruments) it' ean ‘be consideréd that NII 49 was deficient in pro- 
ducing such computer equipment to help the Joystick operator. 


| It As: goficlided that: the joystick. ‘operator was faced with a ‘comparatively 


s. 
Ze 


ch 


difPicult control problem, with only the simlator type of oo 
available ‘through the Wasserfall trainer Po] 


The tines consists of several components. (S00 scones sketch - 
<page 30.) " | 


The Maxg at Siiiutater, “This wae’ a device that: tired ‘and raised 
| in GlLevation a Light spot on a ee of & sphere, according 
wa” prédetemaiiied “formila Tormila réepresehted & typical 
TLight trajectory of’ sivovart” ar gets. © “Superimposed on this” 
moving spot wae a cross-hair shadow.” This shadow Was oriénted’ 

80 that the cross hairs were vertical and horizontal. ‘The center — 
6f thé cross hairs” represented ‘the’ ‘position of thé target, which © 
4di adtiial firing is farnished by the’ optical target sight emai aés 
Ia Line with the light gun: 1s atelescope through which the joy- 

| stick. operator sights. , 





by: fhe’ ‘Wisedle Similater. “The missile simulator: was a ‘device that 


 . Sariied aiid Feiséd in elevation a second light spot on thé ~ 
 ~.ephérical stFfacé, The ‘ovement of this” Light spot was regulated 
“ bya ‘computer which furnished values to the turn and elevation 
“ eontrel' so as to represent a “vertical firing of the Wasserfall 
... migeilé. The movement of the spot was modified by movements of 
‘. the Joystick operated by the controller under training, so as to 
. simulate the changes in flight path that would obtain if an actual 
_ ttissile were being controlled. The joystick was operated so as 
‘80 brdng the second spot of light into superposition with the 

— spot” representing the’ aircraft target. In order to distinguish | 

between the two spots, the missile spot: had cross-hair shadows 





= on it which were oriented at 15 degrees from. vertical. 
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¢@. The Sphere. The spots of light representing the target and the 


Wasserfall missile were projected on a 50 degree section of a 
sphére, This sphere was three meters in diameter. For purposes 
of calibration, the sphere was marked off in angles. 


a The Computer. The functions of the computer were as follows: 
ec) To furnish a typical path to the Target simulator. 


(2) To calculate the changes in path made when the joystick 
is operated. 


| (3) To take into consideration the distance of the target and 
_. missile in computing the resultant angular change of the 
_ target and missile spots | of Aight. hak cy 


When the simulated firing is initiated, the saagat sul: thoves in direc- | 
tion and vertical angle ‘according to @ preselected flight plan. The 
initial vertical (on the sphere) is 206° degrees. The missile spot =e a. 
started at” zero degrees” vertical angle, and at ‘the. sane azimuth. 

spot, * “and the’ joystack ‘operator besins Kis” control.” “He moves the ‘Jey— | 
stick so as to keep the spots of light in superposition. His ability 


_ todo this can ‘be judged easily by visual observation on the part of | 


the instructor, “When the problem has éndéd, he returns the missile. spot 
to its” original position by manually operating ‘the “computer through the. . 
joystick. Many hours of training were necessary before a joystick oper- 
ator cotild be consideréd as a trainéd controller. In my Spifion at — 
Least one thousand runs were necessary in order to achieve ae 
results. - 


The trainee onsite: ‘the joystick to Keep the” pot of light from Light 
gun B on that traiamitted by light gun De The joystick furnishes con~. 


_ trol “signals in vertical and horizéntal ‘c  omponents ‘tothe elevation 


Gdtitrol ‘computér and the turn control computer. “These signals are | 
generated in selsyn transmitters connected mechanically to the joystick. 
The motors to which the transmitter selsyns are comnected then runa — 
speed proportional to the displacement of the joystick, ‘The motors. turn 
thé arms of potentiometers N and S so as to bias the changing signal as 


determined by cams 0 and Q. The motors in the missile light gun mounting 


A, turn at a speed proportional to the voltages generated in’ the missile 


sontrol computer (from potentiometers N, P, Rand S$). Thus, the actual 


acceleration of the missile light gun is proportional to the displacement 
of ‘the joystick. This is roughly comparable to the actual operation of 
the missile itsel?. The light: gin D, which represents the target, is 
driven by a sélsyn’ system K, L, and"M, The components of the target path 
are determined by cans T and U0. These cams can be changed to represent 
different types: of target paths. 
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